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A technique for writing a servo-pattem on a storage medium 
(12a) located in a recording device (10) having an internal recording 
head (14a). A timing pattern is generated on the storage medium (12a) 
with the internal recording head (14a) and a radial positioning value is 
determined in order to radially position the internal recording head (14a). 
The scrvo-pattcm is written using the internal reconling head (1 4a) at 
locations determined by the timing pattern and the radial positioning 
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A METHOD AND SYSTEM FOR WRITING A 
SERVO-PATTERN ON A STORAOE MEDIUM 



TggHNyCIVL FIB^P 



This invention relates in general to recording 
5 devices and, in particular, to writing servo-patterns 
on storage media without using external sensors. 

BACKGROUND ART 

Information for systems, such as data processing 
systems is typically stored on storage media, such as 

10 magnetic disks. In manufacturing disks, a disk drive 
having a number of internal heads is typically 
mounted in a mastering station referred to as a 
servo-writer. The servo-writer has sensors 
positioned outside of the disk drive to locate the 

15 radial and circumferential position of at least one 
of the heads, such that a pattern of magnetic 
information may be written onto the disk surface 
coupled to the writing head. The pattern becomes the 
master reference used by the disk drive during normal 

20 operation to locate the tracks and sectors for data 
storage • 

The process of servo writing on a station is 
expensive as each disk drive must be serially mounted 
in the servo-writer. In addition, the mechanical 
25 boundary conditions of the disk are altered as 

sensors must have access to the actuator and the disk 
spindle motor. This can require mechanical clamping 
and disassembly of the file. 

One process for writing servo information is 
30 described in U.S. Patent 4,414,589, entitled 
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"Embedded Servo Track Following System and Method for 
Writing Servo Tracks" issued on November 8, 1983 and 
assigned to Northern Telecom, Inc. In U.S. Patent 
4,414,589, a servo track following system for 
5 positioning a moving read/write head relative to a 
magnetic storage disk is described. A plurality of 
servo tracks are recorded in sectors on the disk for 
identifying radial positions or informational tracks. 
A clock track is written by wr,iting a single pulse on 

10 a fixed clock track head, phase-lock looping to an 
intermediate clock track, which is written on a 
moving head, and then phase-lock looping up to the 
final clock track, which is written on the fixed 
clock track head. Radial track density is then 

15 determined by moving a head to a limit stop and 

writing a reference track. Thereafter, the head is 
displaced an amount sufficient to reduce the 
amplitude of the reference track by a predetermined 
percentage which is related to the ultimate average 

20 track density. Thereafter, another reference track 
is written and the head is again stepped away from 
the second reference track an amount sufficient to 
again reduce the amplitude of the reference track by 
a predetermined percentage* This is continued until 

25 the disk is filled with reference tracks. If the 
average track density thus achieved is 
unsatisfactory, the reduction number is adjusted and 
the process is repeated. 

Another technique for writing servo information 
30 is described in U.S. Patent 4,531,167, entitled 

"Servowriter System for Magnetic Disk Drives" issued 
on July 23, 1985 and assigned to Pioneer Research, 
Inc. In U.S. Patent 4,531,167, before servo tracks 
are written on a disk, it is first necessary to write 
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a master clock track on the disk by a separate head, 
which serves as a timing reference for the entire 
operation. Servo bursts are then written on the disk 
by writing EVEN servo information over the entire 
5 surface of the disk. This is achieved by first 
moving the arm to the outer crash stop and then 
causing the arm to move radially a distance less than 
a data track width for each revolution of the disk. 
Thereafter, the arm is again driven against the outer 

10 crash stop and the head is caused to write ODD servo 
information in a number of sectors of the disk drive. 
^After the arm used in writing the ODD servo 
information reaches the inner diameter of the disk, a 
comparison of the number of steps it takes the arm to 

15 proceed from the outer crash stop to the inner crash 
stop is made with the number of tracks actually 
required on the disk. If the number of actual steps 
is different from the number of tracks actually 
required, a particular bias, of an amount determined 

20 by the microprocessor, will be introduced so that on 
the next operation the number of steps will exactly 
equal the number of tracks required on the disk. 

Each of the above procedures requires an 
external timing sensor in order to write timing 

25 patterns used in determining the circumferential 
position of the heads. Further, since external 
sensors are needed, a clean room environment is 
necessary. In addition, in order to determine the 
track pitch which is later used to write a servo- 

30 pattern, an entire disk of information is written. 
This is time consuming and expensive. Therefore, a 
need exists for a technique for writing servo- 
patterns on a disk which does not require a clean 
room environment. In addition, a need exists for a 
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technique for writing servo-patterns such that no 
external sensors are needed. Yet another need exists 
for a method for determining which head writes the 
widest track in a recording device. Also, a need 
5 exists for a method for determining the track pitch 
of a recording device without writing a full disk of 
information. Further, a need exists for a technique 
for writing timing information in which an external 
clock source is eliminated, thus reducing the 
10 possibility of error arising from relative motion 
between the head that is writing the servo-pattern 
and the clock source. 

DISCLOSURE OF THE INVEKTION 

The shortcomings of the prior art are overcome 
15 and additional advantages are provided through the 

provision of a method for writing a servo-pattern on 
a storage medium located in a recording device having 
an internal recording head. A timing pattern is 
generated on the storage medium with the internal 
20 recording head and a radial positioning value used in 
radially positioning the internal recording head is 
determined. The servo-pattern is written at the 
locations determined by the generated timing pattern 
and radial positioning value. 

25 In one embodiment, in order to generate the 

timing pattern on a storage medium having a plurality 
of tracks, a plurality of transitions is written on a 
first of the plurality of tracks, a time interval 
between each pair of the plurality of transitions is 

30 determined, an amount of deviation between each 

determined time interval and a predetermined nominal 
interval is determined and a plurality of transitions 
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is written on a second of the plurality of tracks. 
Each of a first portion of the plurality of 
transitions is written at a first predetermined timed 
delay and each of a second portion of the plurality 
5 of transitions is written at a second predetermined 
time delay. 

In a further embodiment^ the track pitch of a 
recording device having a storage medium of N tracks 
is determined. A transition is written on some of 
10 the plurality of N tracks, a read-back signal 

associated with each written transition is obtained, 
and the read-back signals are compared in order to 
determine the track pitch. 

In yet another embodiment, a determination is 
made as to which of a plurality of recording heads in 
a recording device writes the widest* A first 
transition is written with each of the plurality of 
recording heads and a second transition is written 
with one of the plurality of recording heads. The 
second transition is %nritten at a predetermined 
distance from the first transition written with the 
same recording head as the second transition. Each 
of the recording heads is positioned using the second 
transition and an amplitude signal associated with 
each of the first transitions is read and compared 
with the positioned recording heads. From the 
comparison, the recording head which writes the 
widest is determined. 

In another embodiment, a timing pattern is 
30 generated on one of a plurality of storage media 

located in a recording device havii^g a plurality of 
internal recording heads. Each of the plurality of 



15 



20 



25 
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storage media has at least one of the plurality of 
internal recording heads associated therewith. A 
first plurality of transitions representative of a 
timing pattern is written with a first of the 
5 plurality of internal recording heads. The first and 
second of the plurality of internal recording heads 
is positioned. The first plurality of transitions is 
read with the first positioned recording head and a 
second plurality of transitions is written with the 

10 second positioned head. The first and second 

recording heads are repositioned and the second 
plurality of transitions is read with the 
repositioned second recording head and a third 
plurality of transitions is written with the 

15 repositioned first recording head. 

In a further aspect of the invention, a system 
for writing a servo-pattern on a storage medium 
located in a recording device is provided. The 
system includes means for generating a timing pattern 

20 on the storage medium with the internal recording 
head, means for determining a radial positioning 
value used for radially positioning the internal 
recording head, and means for writing a servo-pattern 
on the storage medium with the internal recording 

25 head. The servo-pattern is written at locations 
determined by the timing pattern and the radial 
positioning value. 

In another aspect of the invention, a recording 
device is provided. The recording device includes a 
30 storage medium located within the recording device 
and an internal recording head within the recording 
device for writing timing information and servo- 
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patterns on the storage medium. In one embodiment, 
the recording device is sealed. 

The technique of the. present invention enables 
servo-patterns to be written on a storage media 
5 without the need for external sensors or a clean room 
environment. In addition, a technique is provided 
for determining the track pitch of a recording device 
without requiring the writing of a full disk of 
information. Further, a timing pattern is written 
10 without the need for an external clock source. The 
techniques of the present invention enable timing 
information and servo-patterns to be written easily 
and more accurately than before. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 The subject matter which is regarded as the 

invention is particularly pointed out and distinctly 
claimed in the claims at the conclusion of the 
specification. The foregoing and other objects, 
features, and advantages of the invention will be 

20 apparent from the following detailed description 

taken in conjunction with the accompanying drawings 
in which: 

FIG. la depicts one example of a disk drive 
incorporating the servo-pattern writing 
25 technique of the present invention; 

FIG. lb depicts one example of a side view 
of a disk drive having a plurality of recording 
disks, in accordance with the principles of the 
present invention; 
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FIG. 2 depicts one example of the logic 
associated with the servo-pattern writing 
technique of the present invention; 

FIG. 3 depicts one example of the logic 
5 associated with a technique for determining the 

head which writes the widest track, in 
accordance with the principles of the present 
invention; 

FIG. 4 illustrates one embodiment of a 
10 disk surface divided into N circumferential 

pie sections, in accordance with the 
principles of the present invention; 

FIG. 5 depicts one example of a plot 
of signal amplitude versus off*track 
15 position of a recording head, in accordance 

with the principles of the present 
invention; 

FIG. 6 depicts one embodiment of the 
logic associated with a technique for 
20 determining track pitch, in accordance with 

the principles of the present invention; 

FIG. 7 illustrates one embodiment of a 
disk surface divided into N circumferential 
pie sections with four bursts written in 
25 one section, in accordance with the 

principles of the present invention; 



FIG. 8 depicts one example of a plot 
showing a read-back signal amplitude versus 
the radial position of a recording head in 
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which a correct track pitch is present, in 
accordance with the principles of the 
present invention; 

FIG. 9 depicts one example of a plot 
showing read-back signal amplitude versus 
the radial position of a recording head in 
which an incorrect track pitch is present, 
in accordance with the principles of the 
present invention; 

FIG. 10 depicts one embodiment of the logic 
associated with writing a timing pattern on a 
disk positioned within the disk drive of FIG. l, 
in accordance with the principles of the present 
invention; 

FIG. 11 depicts one example of a plot of 
the non-repeatable velocity jitter spectral 
density for a disk drive; 

FIG. 12 depicts one example of a plot of 
the jitter versus time interval for the disk 
drive of FIG. 11; 

FIG. 13 depicts one example of a plot 
depicting rms jitter versus step number, in 
accordance with the principles of the present 
invention; 

FIG. 14a illustrates a radial timing mark 
trajectory in which no fraction is added to a 
nominal time interval in the generation of even 
numbered transitions from odd numbered 
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transitions, in accordance with the principles 
of the present invention; 

FIG. 14b illustrates a radial timing mark 
trajectory in which a fraction of 1 is added to 
a nominal time interval in the generation of 
even numbered transitions from odd numbered 
transitions, in accordance with the principles 
of the present invention; 

FIG. 14c illustrates a radial timing mark 
trajectory in which a fraction of % is added to 
a nominal time interval in the generation of 
even numbered transitions from odd numbered 
transitions, in accordance with the principles 
of the present invention; 

FIG. 15 depicts one example of a plot 
illustrating error in placement along a radial 
timing mark versus step number, in accordance 
with the principles of the present invention; 

FIG. 16 depicts one example of the logic 
associated with writing a servo-pattern on one 
disk surface, in accordance with the principles 
of the present invention; 

FIG. 17 depicts one example of the logic 
associated with propagating the servo-pattern of 
FIG. 16 to other disk surfaces, in accordance 
with the principles of the present invention; 
and 

FIG. 18 depicts one embodiment of the logic 
associated with writing timing information on a 



disk surface using two heads ^ in accordance with 
the principles of the present invention. 

BEST MODB FOR CARRY ING OPT THE INVEKTION 

In accordance with the principles of the present 
invention, a method and apparatus for writing a 
servo-pattern on a storage medium is provided. In 
one embodiment, a servo-pattern is written on one or 
more magnetic disks located in a recording device, 
such as a disk drive. Referring to FIGS, la and lb, 
in one example, a disk drive 10 includes one or more 
magnetic disks 12a-12b (collectively referred to as 
magnetic disks 12), one or more internal recording 
heads 14a-14d (collectively referred to as recording 
heads 14), a suspension mechanism 16, an actuator 18, 
an actuator attachment 20, one or more crash stops 
22, an actuator driver 24, a read/write controller 
26, a computer 28, a programmable delay generator 30 
and a time interval measurement system 32. Each of 
these components is described in detail below. 

Each magnetic disk has, for instance, two 
surfaces which are capable of receiving information 
and each surface has a plurality of tracks 13. In 
accordance with the principles of the present 
invention, information, such as timing information 
and servo-patterns, is written on the surfaces of one 
or more of magnetic disks 12 by using internal 
recording heads 14. A spindle motor 5 (FIG. lb) is 
located in the inner diameter of disks 12 and is 
used, as is known in the art, to spin magnetic disks 
12. As depicted in FIG. la, recording heads 14 are 
attached to suspension mechanism 16. 
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Suspension mechanism 16 allows the recording 
heads to move in a vertical direction and is 
connected to actuator 18. Actuator 18 is, for 
example, a standard moving coil actuator which 

> 5 includes a ball bearing 19 connected to a voice coil 
motor 23. As shown in FIG. lb, motor 23 includes one 
or more magnets 21. On each side of ball bearing 19 
is a crash stop 22 which is used to limit the motion 
range of the actuator. Actuator 18 is mounted to a 

10 base plate 25 via actuator attachment 20. In one 

example, actuator attachment 20 attaches the actuator 
to the base plate via one or more screws. 

Actuator driver 24, which is coupled to base 
plate 25 via a wire 27a, includes electronic 
15 circuits, such as power transistors, for providing 
current to voice coil motor 23 • 

Also coupled to base plate 25 via a wire 27b is 
read/write controller 26, which is used for reading 
and writing magnetic transitions on the disks, as 
20 described below in accordance with the principles of 
the present invention. 

Coupled to read/ write controller 2 6 and actuator 
driver 24 via buses 29a and 29b, respectively, is 
computer 28. Computer 28 includes, for instance, a 
25 standard personal computer which has storage for 
saving information. 

Coupled to computer 28 via an IEEE bus 31 is 
programmable delay generator 30. Programmable delay 
generator 30 is, for instance, a Hewlett Packard 
30 HP8118A and is used to control the time at which a 
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given 'transition is written^ as described in fur'ther 
detiail below. 

Also coupled to computer 28 via an IEEE bus 33 
is tine interval measurement system 32 which is used, 
5 in accordance with the principles of the present 
invention, to measure required time intervals. In 
one embodiment, time interval measurement system 32 
includes an HP5372A time analyzer offered, by Hewlett 
Packard. 

10 It will be apparent to one of ordinary skill in 

the art that there may be many variations to the disk 
drive depicted in FIGS, la and lb. For instance, a 
disk drive may have only one magnetic disk or only 
one recording head. 

15 In accordance with the principles of the present 

invention, disk drive lb is used to write a servo- 
pattern on one or more of magnetic disks 12 . The 
servo-pattern is written at specific locations on one 
or more disk surfaces and, therefore, before the 

20 servo-pattern is written, radial positioning 
information and circumferential positioning 
information {0) are determined for the recording head 
used in writing the servo-pattern. One example of a 
technique used in writing servo-patterns is described 

25 in detail below. 

Referring to FIG. 2, in one embodiment, a 
determination is made as to which recording head of 
disk drive 10 writes the widest track, STEP 50 "FIND 
THE WIDEST HEAD." In this embodiment, the head that 
30 writes the widest track is the desired head used for 
writing the timing pattern and the servo-pattern, as 
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described in detail below. If there is only one 
recording head, then that head is the one that writes 
the widest track. The manner in which the widest 
head is determined is described in detail with 
reference to FIG. 3. 

Referring to FIG. 3, in accordance with the 
principles of the present invention, in order to 
determine which of the recording heads of a disk 
drive or other recording device writes the widest 
track, each of the disk surfaces located within the 
disk drive are divided into a number, N, 
circumferential pie sections, STEP 52 "DIVIDE EACH 
DISK SURFACE INTO N CIRCUMFERENTIAL PIE SECTIONS." 
In one example, N is set equal to sixteen and, 
therefore, the disk surface is divided into sixteen 
circumferential pie sections as shown in FIG. 4. As 
is known in the art, in order to divide a disk 
surface, an index is used to identify the first 
sector. Thereafter, any number of sectors can be 
defined by writing patterns at a predetermined 
distance apart from one another. 

lief erring to FIGS. 3 and 4, subsequent to 
dividing each surface into N sectors, every other 
sector is labeled the A sector and the remaining 
sectors are labeled B sectors, STEP 54 "LABEL EVERY 
OTHER SECTOR "A" AND THE REMAINING SECTORS "B" . " 
Thereafter, while holding actuator 18 against crash 
stop 22, each recording head 14 is used to write 
amplitude bursts (i.e., one or more magnetic 
transitions) on a respective disk surface. In 
particular, in accordance with the principles of the 
present invention, amplitude bursts are written in 
each of the "A" sectors of the first track of a disk 
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surface, STEP 56 "WRITE AMPLITUDE BURSTS WITH ALL 
HEADS IN "A" SECTORS OF TRACK #1." 

Subsequent to writing the bursts of inforroation, 
actuator 18 is moved a predetermined distance, STEP 
5 58 "MOVE ACTUATOR A PREDETERMINED AMOUNT •" In one 
embodiment, the predetermined distance is based on 
the signal amplitude of the recording head, such as 
head 14a, versus the off -track position of the head. 
One example of the approximate linear relationship 

10 between amplitude and off-track position is depicted 
in FIG. 5. As shown in FIG. 5, when the amplitude is 
at its maximum value, the recording head is directly 
on the track (i.e., 30 microns) and when the 
recording head is at half its maximum amplitude 

15 (i.e., approximately .5), the recording head is 
approximately half off of the track (i.e., 15 
microns) . In one instance, the actuator is moved 
until the read-back signal from head 14a is equal to 
•half of its maximum amplitude (i.e., half off the 

20 track). While servoing at the half amplitude 
position which is accomplished by sampling the 
rectified head signal, amplitude bursts are written 
with head 14a in the B sectors on the second track of 
the disk surface corresponding to head I4a, STEP 60 

25 "WRITE AMPLITUDE BURSTS WITH HEAD 1 IN "B" SECTORS OF 
TRACK #2 . " 



By moving radially off of the second track, the 
"B" bursts can be used to provide position 
information. For instance, the head can be gated to 
30 read the signal from the magnetic transitions 

corresponding to the "B" bursts during specific 
intervals (amplitude bursts) . Using a sample and 
hold circuit, the voltage corresponding to the 



r 
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amplitude of the read-back signal is held constant in 
the intervals between bursts. This makes a suitable 
position signal input to the servo-loop to position 
the actuator. In one embodiment, when servoing to a 
5 given amplitude of the read-back signal, a servo- 
control loop with a low bandwidth is used. Then, the 
head position is an average of all the sector bursts, 
rather than following the repeatable variations of 
the magnetic servo-signal. Using the amplitude of 

10 the "B" burst as the position signal for the servo 
system (i.e., servo-on) , the amplitude signals from 
the "A" bursts under all of the recording heads of 
the disk drive are read and compared, STEP 62 
"COMPARE SIGNALS FROM "A" BURSTS." In one example, 

15 the signals from the "A" bursts are read and compared 
using a standard measurement tool, such as a 
voltmeter or a digital oscilloscope. At the point 
where the signal is lost from all of the heads except 
one, that head is determined to be the one that 

20 writes/reads the widest track. 

Although the example described above uses a 
plurality of "A" and "B" bursts, it is possible to 
use only one "A" burst and one "B" burst. 

Referring back to FIG. 2, in one embodiment, 
25 after the head that writes the widest track, 

hereinafter denoted head W, is determined, it is used 
in accordance with the principles of the present 
invention to determine the track pitch of the disk 
drive, STEP 64 "FIND THE TRACK PITCH." 

30 Referring to FIGS. 6 and 7, in one embodiment, 

in order to determine the track pitch of the disk 
drive, the disk surface corresponding to head W is 
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divided into a number, N, of circumferential pie 
sections, STEP 70 "DIVIDE DISK SURFACE". As shown in 
FIG. 7, in one example, the disk surface is divided 
into sixteen sections 68 and each section 68 has a 
5 plurality of tracks 71. Typically, a disk surface 
has a track density of approximately 4 000 tracks per 
inch (i.e., 2000 data tracks wherein a data track is 
twice as wide as a track and one data track does not 
overlap another data track) . 

10 Referring again to FIG. 6, subsequent to 

dividing the disk surface, actuator 18 is held 
against the crash stop and amplitude bursts, referred 
to as "A" bursts, are written on the first track of 
each section with head W, STEP 72 "WRITE "A" BURSTS 

15 ON TRACK #1 WITH HEAD W" (see FIG. 7) . (In another 

embodiment, it is possible to write the "A" bursts on 
the first track with a head other than the head that 
writes the widest track. In addition, it is possible 
to write the bursts on a track other than the first 

20 track.) Subsequent to writing the amplitude bursts, 
actuator 18 is moved a predetermined distance such 
that for instance, the amplitude from the head that 
writes the widest track is at half of the maximum 
amplitude or at an amplitude which is a best guess to 

25 provide proper spacing between tracks, STEP 74 
"POSITION ACTUATOR." 

Subsequent to positioning the actuator, the 
actuator is held at that position and "B" bursts are 
written on the second track of each section, STEP 76 
30 "WRITE "B" BURSTS WITH HEAD W ON TRACK #2." 

Similarly, by servoing-on the "B" bursts, "C" bursts 
are written on the third track of each section, STEP 
78 "WRITE "C" BURSTS WITH HEAD W ON TRACK #3" and by 
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servoing-on the "C" bursts, "D" bursts are written on 
the fourth track of each section, STEP 80 "WRITE "D" 
BURSTS WITH HEAD W ON TRACK #4." 

Subsequent to writing the four bursts (A,B,C, 
5 and D bursts) on the tracks with the head that writes 
the widest track, the track pitch can be determined 
by comparing the read-back signals from each of the 
bursts, STEP 82 "COMPARE READ-BACK SIGNALS FROM 
BURSTS A, B, C, D." If the track pitch is at a 

10 desired level, then when head W is centered over the 
second track, the read-back signal from the "B" burst 
is the maximum value and there is no amplitude signal 
from the fourth track. That is, if the track pitch 
is equal to the head width, then the amplitude from 

15 the "D" burst is below a threshold set to be near 
zero, such as •40dB below the on-track amplitude. 
Further, the signal from both the "A" and "C" bursts 
are equal to the amplitude which was servoed to when 
the second track was written. An example of the 

20 above is shown in FIG. 8 in which at reference 
numeral 83, the amplitude of the "B" burst is 
maximum, the amplitude of the "D" burst is near zero 
and the amplitude of bursts "A" and "C" are equal. 

If the track pitch is correct, INQUIRY 84 "IS 
25 TRACK PITCH CORRECT?", then the process has ended and 
the value of the amplitude from burst "A" that was 
servoed to when burst "B" was written, referred to as 
Ql, is used, as described below, to write the servo- 
pattern, STEP 85 "END". However, if the read-back 
30 signals are as shown in FIG. 9, then the track pitch 
is too high and a new amplitude for the "A" bursts is 
determined, as described below, STEP 86 "FIND NEW 
AMPLITUDE FOR "A" BURSTS". 
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In particular, referring to FIG. 9, Ql denotes 
the amplitude from burst A that was servoed to when 
burst "B" was written. At that position (Rl) , the 
signal from burst **D" is still not near zero. By 
servoing to a new position, R2, where the signal from 
burst "A" is equal to Q2, the signal from burst "D" 
drops to a predefined threshold near zero. At this 
position, the signal from burst "C" is equal to Q3. 
Therefore, it follows that whenever the track pitch 
is too high, then Q2 > Ql > Q3. Similarly, if the 
track pitch is too low, then Q2 < Ql < Q3. 

As mentioned above if the track pitch is 
incorrect, then a new amplitude, Ql^, for the "A" 
bursts is determined. In one embodiment, in order to 
determine a new amplitude for the "A" burst, the 
following equation may be used, if the read-back 
signal is linear in the region where the amplitude is 
Ql: 

Qlocw = % (Q3 + Ql^) . 

Referring back to FIG. 6, subsequent to finding 
Ql„, flow passes to STEP 72 ^'WRITE "A" BURSTS ON 
TRACK #1 WITH HEAD W." (Ql or Ql^ is referred to 
herein as the radial positioning value.) After the 
"A" bursts are written, the actuator is positioned so 
that the amplitude from the head that writes the 
widest track is at a value equal to Ql„, STEP 74 
"POSITION ACTUATOR". At this position, the "B" 
bursts are written with the head that writes the 
widest track on the second track. Thereafter, flow 
continues as described previously. 

In another embodiment, the value of Ql or Ql^ is 
updated every preselected number of tracks, even 
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though the value of Ql or Qlnew is nominally constant 
for all tracks* 

As described further below, the value of Ql or 
Qlpewf which represents a ratio of on-track amplitude, 
is used to write the servo-pattern. However, 
referring back to FIG. 2, before the servo-pattern is 
written, timing marks are generated which indicate 
circumferential ly where the pattern is to be placed, 
STEP 90 ^'GENERATE TIMING MARKS." In one example, the 
timing pattern is comprised of a set of equally 
spaced radial timing marks of magnetic transitions 
which are produced in accordance with the principles 
of the present invention. The timing pattern, as 
well as the servo-pattern described below, are 
capable of being written with internal recording 
heads in a sealed and closed disk drive. No external 
sensors are needed. 

Referring to FIG. 10, one technique for writing 
a timing pattern on disk 12 is described in detail. 
20 In one embodiment, the internal recording head used 
to write the timing pattern is the head that writes 
the widest track. Initially, head W is placed 
against a delimiter (i.e., crash stop 22) at the 
innermost track location of the disk associated with 
25 head w, hereinafter referred to a disk W, STEP 92 
"PLACE HEAD AGAINST DELIMITER." With the head at 
this location, a series of transitions or a series of 
bursts of transitions (e.g., magnetic transitions) 
are written on the disk surface at equal time 
30 intervals spanning one complete revolution of the 
disk, STEP 94 "WRITE TRANSITIONS ON TRACK #1 OF 
DISK." In one example, the disk is rotating at 60 
rpm and a time interval of 92.56 microseconds is 



10 
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chosen such that 180 bursts of transitions are 
written on one track of disk W. These 180 bursts of 
transitions can be thought of as pairs of 
transitions, wherein each pair includes an odd 
5 numbered transition and an even numbered transition, 
respectively. For instance, one pair of bursts of 
transitions includes bursts l and 2. Another pair 
includes bursts 3 and 4, etc. 

Subsequent to writing the transitions and, in 
10 particular, on the next revolution of disk W, the 
time interval between each odd and even numbered 
bursts of transitions (1-2, 3-4, etc.) is measured, 
STEP 96 "MEASURE TIME INTERVALS BETWEEN ODD AND EVEN 
NUMBERED TRANSITIONS," In one embodiment, in order 
15 to measure the time intervals, time interval 

measurement system 32 is used. After each of the 
time intervals is measured, the deviation of each 
time interval from the nominal interval, e.g., 92.56 
microseconds, is determined by using computer 28. In 
20 particular, computer 28 subtracts each time interval 
from the nominal interval in order to obtain the 
deviations, which are then stored within storage of 
computer 28, STEP 98 "STORE DEVIATION OF EACH TIME 
INTERVAL FROM NOMINAL INTERVAL." 

25 In one embodiment, a special nominal value is 

determined for the time interval between transition 
180 and transition 1, STEP 100 "MEASURE INTERVAL 
BETWEEN LAST AND FIRST TRANSITION*" This special 
nominal interval is created since transition 180 and 

30 transition 1 deviate from the nominal interval of 
92.56 microseconds by a relatively large amount 
(i.e., microseconds rather than several nanoseconds). 
This is due to the fact that transitions 180 and 1 




wo 96/28814 PCT/US95/03126 



-22- 

are written 16.67 milliseconds apart rather than 
92.56 microseconds apart. After the special nominal 
value is determined, it is stored in the computer 
storage for use as the interval between transition 
5 180 and transition 1, STEP 102 "STORE INTERVAL AS A 
SPECIAL NOMINAL VALUE." 

Subsequent to writing the bursts of transitions 
(or in another embodiment, the series of transitions) 
on one track and determining and storing the 

10 deviations, head W is moved radially off of the first 
track by a predetermined value, STEP 104 "MOVE HEAD 
BY A PREDETERMINED VALUE-" In one embodiment, the 
predetermined value is equal to approximately one- 
half of a track. After moving the head approximately 

15 one-half of 'a track, a new set of even numbered 

transitions is written by head W using the existing 
odd numbered transitions as trigger points, STEP 106 
"WRITE INFORMATION ON NEXT TRACK USING ODD NUMBERED 
TRANSITIONS." The time at which a given even 

20 numbered transition is written is controlled by 

programmable delay generator 30 (FIG. 1), which is 
set equal to the nominal interval plus a fraction, 
such as one-half, of the stored measured deviation 
for this pair of transitions. Subsequent to writing 

25 the even numbered transitions, a new set of odd 

numbered transitions are generated, using the even 
numbered transitions as trigger points, STEP 108 
"WRITE INFORMATION ON NEXT TRACK USING EVEN NUMBERED 
TRANSITIONS." Similar to writing the even numbered ^ 

30 transitions, a given odd numbered transition is 
written at a time controlled by the programmable 
delay generator. In this case, the delay generator 
for a given transition pair is set equal to the 
nominal interval for that pair. In addition to the 
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above, transition 1 is generated from transition 180 
and written on the second track. In this case, the 
prbgrammable delay generator is set to the special 
nominal value, calculated as described above, plus 
5 one-half of the measured deviation located in storage 
for this pair of transitions. This deviation is zero 
for the second tracks but not for subsequent tracks. 

After the even and odd numbered transitions are 
written, the time interval for each pair of odd-even 
10 transitions is measured and each deviation from the 
nominal time interval (or special nominal interval) 
is stored within the storage located in computer 28, 
STEP 110 "MEASURE INTERVALS AND STORE DEVIATIONS." 



15 Whether there are more tracks on the" disk to receive 
timing information, INQUIRY 112 "MORE TRACKS?" 
Should there be no more tracks on the disk to receive 
timing information, then the process for placing a 
timing pattern on a disk surface is complete, STEP 

20 114 "END." However, if the timing pattern is to be 
written on additional tracks of the disk, then flow 
returns to STEP 104 "MOVE HEAD BY A PREDETERMINED 
VALUE," and the process is repeated. 



25 spaced radial timing marks are provided, which are 
available for use as trigger points for the 
generation of a servo-pattern. In one example, the 
servo-pattern information is written in the regions 
between the radial timing marks. After the servo- 

30 pattern is written, the radial timing marks may be 
erased. In addition, it is possible to write the 
servo-pattern without using every radial timing mark. 



Thereafter, a determination is made as to 



Using the above-described process, equally 
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In accordance with the principles of the present 
invention, it is desirable to begin the servo-pattern 
as soon as possible after a radial timing mark in 
order to minimize timing jitter. The minimum 
5 possible time is given by the time required to switch 
the head from reading to writing, which is typically 
less than 1 microsecond. Timing jitter between 
recorded transitions can arise from rotation speed 
variations, vibrations of the recording head, 

10 electronics noise and media noise. (Media noise is 

typically less than one nanosecond rms for good media 
and can be ignored in the context of servo-writing) . 
The detailed behavior of jitter depends on the 
particular mechanical design of a disk, as well as 

15 the quality of the disk speed control. As an 

indication of the magnitude and spectrum of the 
jitter expected for typical low-end disk drives, the 
performance of a Hardcard disk drive was measured. 
An HP5372A time analyzer was used to capture a 

20 continuous sequence of 4096 time intervals for a 10 

KHz recorded pattern. An inverse of each of the time 
intervals was taken in order to obtain a record of 
velocity versus time. Thereafter, the data was 
organized into individual revolutions and averaged to 

25 obtain the repeatable part of the fluctuations. The- 
repeatable part of the fluctuations was subtracted 
from the data and the non-repeatable velocity 
fluctuations were obtained by taking a Fourier 
transform. The non-repeatable velocity jitter , 

30 spectral density for the Hardcard is depicted in FIG. 
11. As shown in the graph, most of the fluctuations 
occur at fairly low frequencies and are probably due 
to motor speed variation. Several sharp peaks are 
observed at higher frequencies (1900 and 2800 Hz) and 
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are either suspension resonances or ball bearing 
defects • 

Since most of the velocity fluctuation occurs at 
frequencies below about 30 Hz, the time interval 
jitter scales linearly with the time interval for 
times shorter than about 30 milliseconds. This 
linear relationship is depicted in FIG, 12, which 
depicts a plot of the rms jitter in nanoseconds 
versus the time interval in milliseconds obtained by 
summing groups of intervals in the long sequence 
record and computing the rms fluctuation of the 
longer intervals. As one example^ for an interval of 
92.56 microseconds^ the jitter is found to be 4.9 
nanoseconds rms. This value is somewhat higher than 
the linear projection due to electronics noise which, 
for this particular disk drive, limits the ultimate 
jitter at zero interval to about 3 nanoseconds. The 
data generated from the above experiment, 
demonstrates that servo-pattern information, such as 
servo-field gray codes or phase bursts, can be lined 
up within a few nanoseconds by triggering off perfect 
radial timing mark patterns. 

In any self -propagating pattern scheme, this 
same minimum error applies to every cycle of the 
25 process. In general, such processes constitute 

"random walks" in which the net error grows as the 
square root of the number of cycles. For a process 
involving 2000 cycles and an error of 4.9 nanoseconds 
per cycle, the pattern error will be 219 nanoseconds. 
30 Since a typical magnetic pattern period in the gray 
code or phase burst is about 200 nanoseconds, this 
error would be totally unacceptable. Using the 
above-described procedure for writing timing 



10 
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patterns, in accordance to the principles of the 
present invention, the pattern error along each 
radial timing nark is equal to about twice the 
niniraum error per cycle, regardless of the number of 
5 cycles. (Errors in the absolute location of the 
radial timing marks do depend on the number of 
cycles, but the growth is only as the fourth root. 
These errors do not affect gray code or phase burst 
placement.) Thus, a 4.9 nanosecond error per cycle 

10 would yield about 10 nanoseconds of pattern error, 
which is only 5% of the magnetic pattern period, an 
insignificant amount. In addition to the above, a 
potential improvement in pattern accuracy is provided 
over existing methods of servo-writing in which 

15 timing is provided by a separate clock head or 

rotation encoder. In such systems, relative physical 
motion between the clock source and the writing head 
will result in timing errors. This motion can arise 
from vibrations of the structures holding the heads 

20 or from non-repeatable runout in the spindle. A 3.7 
microinch relative motion results in a timing error 
of 10 nanoseconds for a head at a one inch radius on 
a disk spinning at 3600 RPM. 

As described previously, in writing a timing 
25 pattern, in accordance with the principles of the 

present invention, a timing delay of a predetermined 
value is used. In one example, the predetermined 
value is equal to the nominal value plus a fraction, 
referred to as F, of the measured deviation. In one 
30 preferred embodiment the fraction is one-half, based 
on the comparison of the following three cases: 



F = O; F = 0.5; and F = 1. 
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Depicted in FIG. 13 is a plot of the rms jitter 
in the locations of the 180 radial lines around a 
track versus step number for the three above- 
mentioned cases. As shown in FIG, 13, there are, for 
5 instance, lOOO steps and each step corresponds to *a 
half track. The data depicted in the plot are 
averages over eight different Monte Carlo runs. 
(Monte Carlo techniques are computer simulations used 
for evaluating processes governed by random events 

10 and are known to those skilled in the relevant art,) 
The initial track (e.g., track number one) is 
generated with errors selected from a Gaussian 
distribution having a standard deviation of 4.9 
nanoseconds to correspond to the measured Hardcard 

15 jitter at 92,56 microsecond intervals. The 

generation of new even numbered transitions involves 
the addition of errors with a standard deviation of 

4.9 X i/TTf^ 



nanoseconds to account for the additional 
contribution from the measurement process. The 
20 generation of odd numbered transitions from even 

numbered transitions uses 4.9 nanosecond errors. It 
can be seen from this log-log plot that distinctly 
different power laws govern the propagation of errors 
for F « 0 or 1 and F = 0.5. 

25 For the case of F « 0, there are distinct 

propagation paths consisting of totally independent 
random walks that spiral out by moving over two lines 
azimuthally for each step out (see FIG. 14a) . The 
rms error grows as the square root of the number of 

30 steps for such a process. For F « 1, the errors 

propagate along independent radial paths and, once 
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again, grow as the square root of the number of steps 
(FIG. 14b). For F = 0.5, however, the errors are 
continuously mixed between the spiral and radial 
paths (FIG. 14c) , resulting' In a qualitatively 
5 different type of random walk which grows as the 
fourth root of the number of steps. In FIGS- 14a- 
14c, the maximum radius corresponds to 2 00 steps and 
the angular deviations have been expanded by a factor 
of 200 to make them visible. 

10 Timing errors along radial timing marks directly 

affect the placement of adjacent gray code 
transitions or phase bursts and, if large enough, 
will degrade the read-back amplitude of the radial 
timing marks themselves. Qualitatively, this type of 

15 error shows up as a jaggedness of individual lines as 
depicted In FIGS. 14a-14c. It can be seen that when 
F = 0, much larger errors of this type result than 
when either of the approaches that make use of error 
measurement and correction (e.g., F = 1 and F = 0.5). 

20 This is shown quantitatively in FIG. 15 in which the 
rms error of placement between adjacent steps along a 
radial timing mark is plotted versus step number. As 
before, these are averages over eight different runs. 
For F = 0, the spiral propagation paths result in 

25 step to step errors, which are even greater than the 
absolute location errors around a track. For both F 
*= 1 and F « 0.5, the step to step errors are constant 
(Independent of the number of steps) and about equal 
to twice the basic Interval noise of 4.9 nanoseconds. 

30 It should be noted that the overall timing 

pattern errors are directly proportional to the 
jitter in the base Interval which is used. This can 
be reduced significantly by improving the motor speed 



wo 96/28814 



PCT/US95/03126 



control and by using better read-back signal 
conditioning. It may also be possible to further 
reduce the electronic component of the jitter by 
using bursts of transitions rather than isolated 
5 transitions for the radial timing mark pattern. 
Reduction of the electronics contribution would 
provide extra improvement by allowing even shorter 
base intervals between radial timing marks. 

The total amount of time required for generating 
10 the radial timing mark pattern, in accordance with 

the principles of the present invention, is estimated 
to be about two minutes for a pattern consisting of 
1000 tracks (2000 steps). This is based on the 
assumption that each propagation step takes four 
15 revolutions to perform; one revolution each for half 
track head movements, writing even numbered 
transitions, writing odd numbered transitions, and 
measuring the odd to even intervals. 

It will be apparent to those skilled in the 
20 relevant art that a number of variations of the 
above-described procedure are possible without 
departing from the spirit of the invention. As one 
example, an error correction (i.e., the fraction of 
the measured deviation) other than one-half may be 
25 used. As another possibility, a partial error 

correction in the generation of the odd numbered 
transitions from the even numbered transitions may be 
used. During experimentation, this was found to have 
no effect on the absolute location errors around a 
30 track, but does slightly reduce the step to step 
placement error along the lines. 
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Described above is a technique for writing clock 
track information on a surface of a disk using an 
internal recording head of the disk drive. Referring 
back to FIG. 2, subsequent to generating the timing 
5 pattern, the servo-pattern is written, STEP 120 
"WRITE SERVO-PATTERN ON ONE SURFACE." 

Referring to FIG. 16, one technique for writing 
a servo-pattern using the head that writes the widest 
track and a fraction of on-track amplitude (i.e., Ql 

10 or QImw) which provides radial positioning of that 
head, is described in detail. In particular, the 
head that writes the widest track; head W, is 
returned to the crash stop at the innermost track of 
the disk surface associated with head W (i.e., 

15 surface W) , STEP 122 "MOVE HEAD TO DELIMITER." 

At this location, an amplitude burst "A" is 
written, STEP 124 "WRITE BURST "A"." Triggered on 
every third timing mark (such as timing mark 1, 4, 7, 
etc.) an amplitude burst "A" is written with a 

20 nominal delay of thirty (30) microseconds and a width 
of ten (10) microseconds. That is, amplitude burst 
"A" is written 30 microseconds after the timing mark 
and for a duration of 10 microseconds. It will be 
apparent to those of ordinary skill in the art that a 

25 burst can be written on every timing mark or at any 
other desired interval and that every third timing 
mark is only one example. 

Subsequent to writing the "A" bursts after 
every third timing mark, head W is servoed on the 
30 initial "A" burst at a radial position represented by 
Ql or Qlnewr as descrlbed above, STEP 126 "SERVO HEAD." 
With head W at this radial position, an amplitude 
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burst "B" is written at circumferential positions 
represented by every third timing mark {2, 5, B, 
etc.)# STEP 128 "WRITE BURST "B"*" Each "B" burst is 
written after every third timing mark with a nominal 
5 delay of one (l) microsecond and a width of ten (10) 
microseconds • 

Subsequent to writing the amplitude "A" and "B" 
bursts, a sector header triggered on every third 
timing mark (1, 4, 7, etc.) is written, STEP 130 
10 "WRITE SECTOR HEADER," The sector header includes a 
servo identification field and gray code information, 
and is written with a nominal delay of one (1) 
microsecond and a total duration of less than twenty- 
nine (29) microseconds. 

15 After the sector headers are written, head W is 

servoed on amplitude burst "B" to the signal level 
ratio of Ql or Ql^, as determined above, STEP 132 
"SERVO HEAD." With head W at this radial position, 
an amplitude burst "C" triggered on every third 

20 timing mark (1, 4, 7, etc.) is written with a nominal 
delay of forty (40) microseconds and a width of ten 
(10) microseconds, STEP 134 "WRITE BURST «c"." 

Thereafter, head W is servoed on the "C" burst 
to the signal level ratio of Ql or Qlnew# STEP 136 
25 "SERVO HEAD," and an amplitude burst "D" triggered on 
every third timing mark (2, 5, 8, etc.) is written 
with a nominal delay of ten (10) microseconds and a 
width of ten (10) microseconds, STEP 138 "WRITE BURST 
"D"." 

30 Subsequent to writing bursts "C" and "D", a 

sector header is written, STEP 140 "WRITE SECTOR 
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HEADER." Similar to writing the sector header in 
STEP 130, the sector header, including servo 
identification field and gray code information, is 
written after every third timing mark (1, 4, 7, etc.) 
5 and is written with a nominal delay of one (l) 

microsecond and a total duration of less than twenty- 
nine (29) microseconds* 

After writing the sector headers, head W is 
servoed on the amplitude burst "D" to the signal 

10 level ratio of Ql or Ql^, STEP 142 "SERVO HEAD." At 
this position, burst "A" is written with a nominal 
delay of thirty (30) microseconds and a width of ten 
(10) microseconds, STEP 144 "WRITE BURST "A"." As 
before, the writing of burst "A" is triggered on 

15 every third timing mark (1, 4, 7, etc.). 

Subsequent to writing the "A" bursts, if it is 
desired to generate the servo-pattern over more of 
the entire disk surface, INQUIRY 14 6 "MORE 
INFORMATION TO BE WRITTEN?", then flow returns to 
20 STEP 126 and the process is repeated. Otherwise, the 
process of writing the servo-pattern on one disk 
surface, in accordance with the principles of the 
present invention, is complete, STEP 148 "END." 

At this point, servo-patterns may be generated 
25 on any other available disk surfaces, STEP 160 

"GENERATE SERVO-PATTERNS ON OTHER SURFACES" (FIG. 2). 
This is accomplished as described below by using the 
information from the previously written servo- 
pattern . 

30 Referring to FIG. 17, one technique for 

generating servo-patterns on other disk surfaces is 




wo 96/28814 PCT/US95/03126 



-33- 

described. Initially, the head that writes the 
widest track is servoed on the "B" burst of surface W 
to the signal level of Ql or Ql^, STEP 162 "SERVO ONE 
HEAD ON "B" BURST." Then, head W reads every third 
5 timing mark (i.e., timing mark l, 4, 7, etc.) on 

surface STEP 164 "READ TIMING MARKS" and triggers 
the write operation of a second head on a second 
surface, which can be any head or corresponding 
surface in the disk drive. The second head writes a 
10 "C" burst at a nominal delay of forty (40) 

microseconds, STEP 166 "WRITE "C" BURSTS WITH A 
SECOND HEAD." 

Subsequently, head W servos on the "D" burst of 
surface W to the signal level ratio of Ql or Ql^, 

15 STEP 168 "SERVO ONE HEAD ON "D" BURST." With head W 
at this radial position, head W reads every third 
timing mark (e.g., 1, 4, 7, etc.) on surface W, STEP 
170 "READ TIMING MARKS" and triggers the second head 
to perform a write operation. The second head writes 

20 an amplitude burst "A" on the second surface at a 

nominal delay of thirty (30) microseconds, STEP 172 
"WRITE "A" BURSTS WITH A SECOND HEAD." 

After the "A" and "C" bursts are written, if 
there is more of the servo-pattern on surface W, 

25 INQUIRY 174 "MORE INFORMATION?", then flow returns to 
STEP 162 and the process is repeated. The above is 
assuming that the servo-pattern consists of the "A" 
and "C" bursts and not the "B" and "D" bursts, which 
are only temporary and are used as servo points. The 

30 "B" and "D" bursts represent locations where the data 
tracks will be and, therefore, the "B" and "D" bursts 
will be overwritten. 
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When the servo-pattern is generated on an 
additional surface^ then sector header information is 
placed on the second surface. The second head is 
servoed on the "C" burst located on the second 
5 surface to a signal level ratio of Ql or Ql^, STEP 

176 "SERVO SECOND HEAD ON "C" BURST." While servoing 
at this position, head W is triggered on every third 
timing mark (e.g., 1, 4, 7, etc.) on surface W and a 
sector header is written by the second head with a 
10 nominal delay of one (1) microsecond and a total 

duration of less than twenty-nine (29) microseconds, 
STEP 178 "WRITE SECTOR HEADER." 

Thereafter, the second head is servoed on the 
"A" burst located on the second surface to the signal 

15 level ratio of Ql or Ql^, STEP 180 "SERVO SECOND HEAD 
ON "A" BURST." Head W is once again triggered on 
every third timing mark (e.g., 1, 4, 7, etc.) on 
surface W and a sector header is written, STEP 182 
"WRITE SECTOR HEADER." As before, the sector header 

20 includes a servo-identification field and gray code 
information and is written with a nominal delay of 
one (1) microsecond and a total duration of less than 
twenty-nine (29) microseconds. 

Should there be more sector information to be 
25 written, INQUIRY 184 "MORE SECTOR INFORMATION?", then 
flow passes to STEP 176 and the process is repeated. 
Otherwise, all of the sector information is written 
and the process of generating a servo-pattern on 
another disk surface is complete, STEP 186 "END". It 
30 will be apparent that the above process can be used 
to generate the servo-pattern on as many disk 
surfaces as desired. Referring back to FIG. 2, after 
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the servo-pattern is propagated to other surfaces/ 
the process is complete, STEP 190 "END." 

The above-described process results in an 
amplitude burst servo-pattern written on sixty (60) 
5 sectors of a disk surface. If a phase encoded 

pattern was required, the amplitude bursts would be 
used for radial information, while the head writes 
the phase encoded pattern using the timing 
information available from the timing marks. It will 
10 be apparent to one of ordinary skill in the art that 
the techniques of the present invention can be used 
to write a servo-pattern with more than two bursts, 
and that two bursts are only one example. 

Described above is one embodiment for writing a 
15 servo-pattern on a disk surface. Described below, 
with reference to FIG. 2 and FIG- 18, is another 
embodiment for writing a servo-pattern. Referring to 
FIG. 2, in this second embodiment, the widest head is 
determined, as well as the track pitch, in the manner 
20 described in detail above. However, the generation 
of a timing pattern differs from the above process 
and is described in detail with reference to FIG. 18. 

In accordance with the principles of the present 
invention, in this embodiment, the head selected to 

25 write the timing pattern is one of the heads which 

does not write the widest track. As used herein, the 
selected head is referred to as head 1, but it should 
be noted that it can be any head within the disk 
drive except for that one which writes the widest 

30 track. In another embodiment, however, it may be the 
one that writes the widest track. Referring to FIG. 
18, the selected head, head 1, is used to write 
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magnetic transitions representative of a timing 
pattern on a first track of the disk surface 
corresponding to head 1. This surface is referred to 
herein as surface 1, STEP 200 "WRITE CLOCK TRACK WITH 
5 ONE HEAD." In one example, the clock track is 

written onto the disk surface at approximately 2.5 
Mhz and a clock track is written at all radial 
positions on the disk surface. 

Subsequent to writing the first clock track with 

10 head 1, actuator 18 is moved a predetermined 

distance, STEP 202 "MOVE ACTUATOR A PREDETERMINED 
DISTANCE." In one example, the actuator is moved 
until the amplitude of the read-back signal is 
roughly one-half of the on-track signal. The 

15 actuator is servo-positioned at this one-half 

amplitude position by sampling the rectified head 
signal. while the actuator is so positioned, head 1 
reads the pattern previously written on the first 
disk surface and a second head, referred to as head 

20 2, writes a pattern on a second disk surface (surface 
2) which is phase-locked to the pattern read by the 
first head, resulting in a new clock track on a 
different disk surface, STEP 204 "READ PATTERN FROM 
HEAD 1 AND WRITE PATTERN WITH HEAD 2." Similar to 

25 head 1, head 2 does not necessarily have to be the 

second head of the disk drive, but can be any head in. 
the disk drive. 

Subsequent to writing timing information on the 
second disk surface, the second head is positioned, 
30 STEP 206 "POSITION HEAD 2." In particular, the 

second head is switched from write mode to read mode 
and it reads the previously written transition. The 
signal is converted to an amplitude signal and the 
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actuator is positioned to the amplitude signal level 
of Ql or Qlnew* In this position, the second head 
reads the clock information on the second surface and 
a second clock track is written by head 1 on the 
5 first disk surface adjacent to the first clock track, 
STEP 208 "READ PATTERN FROM HEAD 2 AND WRITE PATTERN 
WITH HEAD 1." 

Thereafter, if it is desired to place further 
clock information on the disk surface, INQUIRY 210 

10 "MORE INFORMATION," flow returns to STEP 202* In one 
embodiment, it is desired to place timing information 
on an entire disk surface (i.e., at all radial 
positions) . By repeating the process until an entire 
disk surface is written with clock tracks, the 

15 circumferential position of the head is known at any 
actuator radial position. The radial positioning 
accuracy during this process is not that critical as 
long as the read*back signals are phase locked and 
add coherently. 

20 Described above is a technique for using two 

internal recording heads to write a dedicated clock 
surface. In the example provided, the two recording 
heads write to different disk surfaces, however, this 
is not essential. It is possible that the two heads 

25 can write to the same surface. One head reads the 
pattern and the other writes the pattern until a 
dedicated clock surface is provided by stepping 
across the disk surface. 

Referring back to FIG. 2, after the timing 
30 information is generated, the servo-pattern is 

written on one of the disk surfaces using the head 
that writes the widest track, as described in detail 



wo 96/28814 



PCTAJS95/03126 



above. Thereafter, the servo-pattern is propagated 
to all disk surfaces, except the one containing the 
clock information. 

In another embodiment and in accordance with the 
5 principles of the present invention, it is also 

possible to write a servo-pattern on the surface with 
the clock information. In order to accomplish this, 
the clock information is written between the radial 
sector information, on a second surface (i.e., a 

10 surface other than the original clock surface) • If 
the radial sectors on the second surface are shifted 
circumf erentially with respect to the first clock 
surface, the clock information can be available at 
all theta positions. The clock information on the 

15 second surface is used to write the servo-pattern on 
the original clock surface. 

Described above are techniques for writing 
servo-patterns without using external sensors. 
Although preferred embodiments have been depicted and 

20 described in detail herein, it will be apparent to 
those skilled in the relevant art that various 
modifications, additions, substitutions and the like 
can be made without departing from the spirit of the 
invention and these are therefore considered to be 

25 within the scope of the invention as defined in the 
following claims. 





wo 96/28814 



PCT/US9S/03126 



-39- 



1 

2 
3 
4 
5 
6 

7 
8 

9 
10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

1 
2 
3 
4 

,5 



What is claimed is: 

1. A method for writing a servo-pattern on a 
storage medium located in a recording device having 
an internal recording head, said^ storage medium 
comprising a plurality of radial regions, each having 
a plurality of tracks, said method comprising the 
steps of: 

generating a timing pattern on said storage 
medium with said internal recording head; 

• 

determining for at least one of said 
plurality of radial regions a radial positioning 
value from a pattern propagated by said internal 
recording head in said region, said radial 
positioning value being used for radially 
positioning said internal recording head; and 

writing a servo-pattern on said storage 
medium with said internal recording head, said 
servo-pattern being written at locations 
determined by said timing pattern and said 
radial positioning value. 

2. The method of claim 1, wherein said 
recording device comprises a plurality of internal 
recording heads and said method further comprises the 
step of determining which of said plurality of 
internal recording heads writes the widest* 
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3. The method of claim 2, wherein said 
recording device comprises a plurality of storage 
media, each of said plurality of storage media having 
at least one of said plurality of internal recording 
heads associated therewith, and wherein said step of 
determining which of said plurality of internal 
recording heads writes the widest comprises the steps 
of: 

writing a first transition with each of 
said plurality of internal recording heads; 

writing a second transition with one of 
said plurality of internal recording heads, said 
second transition being written at a 
predetermined radial distance from said first 
transition written with said one of said 
plurality of internal recording heads; 

positioning each of said plurality of 
internal recording heads using said second 
transition; and 

reading and comparing with said positioned 
recording heads an amplitude signal associated 
with each of said first transitions and 
determining therefrom which of said plurality of 
internal recording heads writes the widest. 

4. The method of claim 3, wherein said 
predetermined radial distance is where a read-back 
signal of said one of said internal recording heads 
used to write said second transition is approximately 
one-half of its maximum amplitude. 
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1 5. The method of claim 2, wherein said 

2 internal recording head determined to write the 

3 widest is used to generate said timing pattern. 

1 6. The method of claim 2, wherein said 

2 internal recording head determined to write the 

3 widest is used to write said servo-pattern, 

1 7. The method of claim 1, wherein said storage 

2 medium comprises N tracks and said radial positioning 

3 determining step comprises the steps of: 

4 writing at least one transition on a 

5 portion of said N tracks, said portion of said N 

6 tracks being less than said N tracks; 

7 obtaining a read-back signal for said at 

8 least one transition written on each of said 

9 portion of said N tracks; and 

10 determining from said read-back signals 

11 said radial positioning value. 

1 8. The method of claim 1, wherein said 

2 generating step comprises the steps of: 

3 writing a first plurality of 

4 transitions on a first of a plurality of 

5 tracks of said storage medium; and 

6 writing a second plurality of 

7 transitions on a second of said plurality 

8 of tracks of said storage medium, each of a 

9 first portion of said second plurality of 
10 transitions being written at a 
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11 



14, 



12 



13 



corresponding first time delay and each of 
a second portion of said second plurality 
of transitions being written at a 
corresponding second tine delay* 



1 



9. 



The method of claim 58, wherein said pair 



2 of said plurality of transitions comprises an odd 

3 numbered transition and an even numbered transition • 



2 recording device comprises a plurality of internal 

3 recording heads and a plurality of recording media, 

4 each of said plurality of recording media having at 

5 least one of said plurality of internal recording 

6 heads associated therewith, and wherein said 

7 generating step further comprises the steps of: 

8 writing a first plurality of transitions 

9 representative of a timing pattern with a first 

10 of said plurality of internal recording heads; 

11 positioning said first of said plurality of 

12 internal recording heads and a second of said 

13 plurality of internal recording heads; 

14 reading said first plurality of transitions 

15 with said positioned first of said plurality of 

16 internal recording heads and writing a second 

17 plurality of transitions representative of a 

18 timing pattern with said positioned second of 

19 said plurality of internal recording heads; 



1 



10. The method of claim 1, wherein said 



20 
21 



repositioning said first and second of said 
plurality of internal recording heads; and 
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22 reading said second plurality of 

23 transitions with said repositioned second of 

24 said plurality of internal recording heads and 

25 writing a third plurality of transitions with 

26 said repositioned first of said plurality of 

27 internal recording heads. 
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1 11* A method for generating a timing pattern on 

2 a storage medium having a plurality of tracks, said 

3 method comprising the steps of: 

4 writing a first plurality of 

5 transitions at a first radial position on 

6 said storage medium; 

7 determining a time interval between 

8 selected pairs of said first plurality of 

9 transitions; 

10 determining an amount of deviation 

11 between each determined time interval and a 

12 predetermined nominal interval, such that 

13 each selected pair of said first plurality 

14 of transitions has a corresponding 

15 determined amount of deviation; and 

16 writing a second plurality of 

17 transitions at a second radial position on 

18 said storage medium, each of said second 

19 plurality of transitions being written at a 

20 corresponding time delay following a 

21 preceding one of said first plurality of 

22 transitions, said corresponding time delay 

23 being determined by said nominal time 

24 interval and a function of said 

25 corresponding determined amount of 

26 deviation, such that propagation of random 

27 errors associated with writing said first 

28 plurality of transitions are reduced in 

29 writing said second plurality of 

30 transitions, whereby random errors in 

31 alignment of said second plurality of 



t:ransitions with respective ones of said 
first plurality of transitions are reduced. 

12. The method of claim 68, wherein a pair of 
said first plurality of transitions comprises an odd 
numbered transition and an even numbered transition. 

13. The method of claim 68, wherein said first 
portion of said second plurality of transitions 
represents a plurality of even numbered transitions 
and wherein each of said first time delays comprises 
said predetermined nominal interval plus a fraction 
of an amount of deviation related to a pair of said 
first plurality of transitions, and wherein each of 
said first portion of said second plurality of 
transitions corresponds to one of said pair of said 
first plurality of transitions. 

14. The method of claim 13, wherein said 
plurality of even numbered transitions are written 
using said odd numbered transitions written at said 
first radial position as trigger points. 

15. The method of claim 12, wherein said second 
portion of said second plurality of transitions 
represents a plurality of odd numbered transitions 
and wherein each of said second time delays comprises 
a predetermined nominal interval. 

16. The method of claim 15, wherein said 
plurality of odd numbered transitions are written 
using said even numbered transitions written at said 
first radial position as trigger points. 
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1 17 . A method for determining the track pitch of 

2 a recording device comprising a storage medium, said 

3 storage medium having N tracks, said method 

4 comprising the steps of: 

5 writing a transition on a plurality of said 

6 N tracks, said plurality of said N tracks being 

7 less than said N tracks; 

8 obtaining a read-back signal associated 

9 with said transition written on each of said 

10 plurality of said N tracks; and 

11 comparing said read-back signals to 

12 determine said track pitch. 

1 18. The method of claim 17, wherein said 

2 plurality of said N tracks comprises four tracks. 

1 19. The method of claim 17, wherein said 

2 writing step comprises the steps of : 

3 (a) positioning a recording head of 

4 said recording device against a delimiter; 

5 (b) using said positioned recording 

6 head to write a transition on one of said 

7 plurality of said N tracks; 

8 (c) repositioning said recording head 

9 to a predetermined location on another one 
10 of said plurality of said N tracks; 
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11 (d) using said repositioned recording 

12 head to write a transition on said another 

13 one of said plurality of said N tracks; 

14 (e) repeating steps (c) and (d) until 

15 information is written on each of said 

16 plurality of said N tracks* 

1 20. The method of claim 19, wherein said 

2 predetermined location of said repositioning step (c) 

3 comprises a position wherein said read-back signal 

4 from said recording head is at approximately one-half 

5 of a maximum amplitude of said recording head. 

1 21, The method of claim 19, further comprising 

2 the steps of: 

3 determining whether said track pitch is 

4 correct; and 

5 adjusting the value of said read-back 

6 signal of said recording head when said track 

7 pitch is incorrect. 

1 22. The method of claim 21, wherein said 

2 adjusting step comprises the step of using a 

3 predefined equation to determine said adjusted value. 

1 23. The method of claim 22, further comprising 

2 the step of using said adjusted value to write 

3 information on each of said plurality of said N 

4 tracks . 



s 
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24. A method for determining which of a 
plurality of recording heads in a recording device 
having a plurality of storage media writes the 
widest, each of said plurality of storage media 
having at least one of said plurality of recording 
heads associated therewith, said method comprising 
the steps of: 

writing a first transition with each of 
said plurality of recording heads; 

writing a second transition with one of 
said plurality of recording heads, said second 
transition being written at a predetermined 
distance from a first transition written with 
said one of said plurality of recording heads; 

positioning each of said plurality of 
recording heads using said second transition; 
and 

reading and comparing with said positioned 
recording heads an amplitude signal associated 
with each of said first transitions and 
determining therefrom which of said plurality of 
recording heads writes the widest. 

25. The method of claim 24, wherein said 
positioning step comprises the step of converting 
said second transition to an amplitude signal. 
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1 26. A method for generating a timing pattern on 

2 one of a plurality of storage media located in a 

3 recording device comprising a plurality of internal 

4 recording heads, each of said plurality of storage 

5 media having at least one of said plurality of 

6 internal recording heads associated therewith, said 

7 method comprising the steps of: 



8 (a) writing a first plurality of 

9 transitions representative of a timing pattern 

10 with a first of said plurality of internal 

11 recording heads; 

12 (b) positioning said first of said 

13 plurality of internal recording heads and a 

14 second of said plurality of internal recording 

15 heads; 

16 (c) reading said first plurality of 

17 transitions with said positioned first of said 

18 plurality of internal recording heads and 

19 writing a second plurality of transitions 

20 representative of a timing pattern with said 

21 positioned second of said plurality of internal 

22 recording heads; 

23 (d) repositioning said first and second of 

24 said plurality of internal recording heads; and 

25 (e) reading said second plurality of 

26 transitions with said repositioned second of 

27 said plurality of internal recording heads and 

28 writing a third plurality of transitions with 

29 said repositioned first of said plurality of 

30 internal recording heads. 
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1 27. The method of claim 26, further comprising 

2 the step of repeating steps (b)-(e) until said timing 

3 pattern is generated on an entire surface of said one 

4 of said plurality of storage media. 

1 28. The method of claim 26, wherein said 

2 repositioning step comprises the step of moving said 

3 first and second of said plurality of internal 

4 recording heads to a location in which an amplitude 

5 signal associated with said first plurality of 

6 transitions is approximately one-half of its maximum 

7 value. 
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1 29. A system for writing a servo-pattern on a 

2 storage medium located in a recording device having 

3 an internal recording head, said storage medium 

4 comprising a plurality of radial regions, each having 

5 a plurality of tracks, said system comprising: 

6 means for generating a timing pattern on 

7 said storage medium with said internal recording 

8 head ; 

9 means for determining for at least one of 

10 said plurality of radial regions a radial 

11 positioning value from a pattern propagated by 

12 said internal recording head in said region, 

13 said radial positioning value being used for 

14 radially positioning said internal recording 

15 head; and 

16 means for writing a servo-pattern on said 

17 storage medium with said internal recording 

18 head, said servo-pattern being written at 

19 locations determined by said timing pattern and 

20 said radial positioning value. 

1 30. The system of claim 29, wherein said 

2 recording device comprises a plurality of internal 

3 recording heads and said system further comprises 

4 means for determining which of said plurality of 

5 internal recording heads writes the widest. 

1 31. The system of claim 30, wherein said 

2 recording device comprises a plurality of storage 

3 media, each of said plurality of storage media having 

4 at least one of said plurality of internal recording 

5 heads associated therewith, and wherein said means 
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6 for determining which of said plurality of internal 

7 recording heads writes the widest further comprises: 



8 means for writing a first transition with 

9 each of said plurality of internal recording 

10 heads; 

11 means for writing a second transition with 

12 one of said plurality of internal recording 

13 heads, said second transition being written at a 

14 predetermined radial distance from said first 

15 transition written with said one of said 

16 plurality of internal recording heads; 

17 means for positioning each of said 

18 plurality of internal recording heads using said 

19 second transition; and 

20 means for reading and comparing with said 

21 positioned recording heads an amplitude signal 

22 associated with each of said first transitions 

23 and determining therefrom which of said 

24 plurality of internal recording heads writes the 

25 widest* 

1 32. The system of claim 31, wherein said 

2 predetermined radial distance is where a read-back 

3 signal of said one of said internal recording heads 

4 used to write said second transition is approximately 

5 one-half of its maximum amplitude. 



1 
2 
3 



33. The system of claim 30, wherein sjsiid 
internal recording head determined to write the 
widest is used to generate said, timing pattern. 
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1 34. The system of claim 30, wherein said 

2 internal recording head determined to write the 

3 widest is used to write said servo-pattern.' 

1 35. The system of claim 29, wherein said 

2 storage medium comprises N tracks and said radial 

3 positioning determining means comprises: 

4 means for writing at least one transition 

5 on a portion of said N tracks, said portion of 

6 said N tracks being less than said N tracks; 

7 means for obtaining a read-back signal for 

8 said at least one transition written on each of 

9 said portion of said N tracks; and 

10 means for determining from said read-back 

11 signals said radial positioning value. 

1 36. The system of claim 29, wherein said 

2 generating means comprises: 

3 means for writing a first plurality of 

4 transitions on a first of a plurality of 

5 tracks of said storage medium; and 

6 means for writing a second plurality 

7 of transitions on a second of said 

8 plurality of tracks of said storage medium, 

9 each of a first portion of said second 

10 plurality of transitions being written at a 

11 corresponding first time delay and each of 

12 a second portion of said second plurality 

13 of transitions being written at a 

14 corresponding second time delay. 
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37. The system of claim 64, wherein said pair 
of said plurality of transitions comprises an odd 
numbered transition and an even numbered transition. 

38. The system of claim 29, wherein said 
recording device comprises a plurality of internal 
recording heads and a plurality of recording media, 
each of said plurality of recording media having at 
least one of said plurality of internal recording 
heads associated therewith, and wherein said 
generating means further comprises: 

means for writing a first plurality of 
transitions representative of a timing pattern 
with a first of said plurality of internal 
recording heads; 

means for positioning said first of said 
plurality of internal recording heads and a 
second of said plurality of internal recording 
heads; 

means for reading said first plurality of 
transitions with said positioned first of said 
plurality of internal recording heads and 
writing a second plurality of transitions 
representative of a timing pattern with said 
positioned sepond of said plurality of internal 
recording heads; 



means for repositioning said first and 
second of said plurality of internal recording 
heads ; and 
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26 means for reading said second plurality of 

27 transitions with said repositioned second of 

28 said plurality of internal recording heads and 

29 writing a third plurality of transitions with 

30 said repositioned first of said plurality of 

31 internal recording heads. 
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1 39. A system for generating a timing pattern on 

' 2 a storage medium having a plurality of tracks, said 

3 system comprising: 

4 means for writing a first plurality of 

5 transitions at a first radial position on 

6 said storage medium; 

7 means for determining a time interval 

8 between selected pairs of said first 

9 plurality of transitions; 

10 means for determining an amount of 

11 deviation between each determined time 

12 interval and a predetermined nominal 

t 

13 interval, such that each selected pair of 

14 said first plurality of transitions has a 

15 corresponding determined amount of 

16 deviation; and 

17 means for writing a second plurality of 

18 transitions at a second radial position on said 

19 storage medium, each of said second plurality of 

20 transitions being written at a corresponding 

21 time delay following a preceding one of said 

22 first plurality of transitions^ said 

23 corresponding time delay being determined by 

24 ^ said nominal time interval and a function of 

25 said corresponding determined amount of 

26 deviation, such that propagation of random 

27 errors associated with writing said first 

28 plurality of transitions are reduced in writing 

29 said second plurality of transitions, whereby 

30 random errors in alignment of said second 
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31 plurality of transitions with respective ones of 

32 said first plurality of transitions are reduced. 

1 40. The ssysten of claim 69, wherein a pair of 

2 said first plurality of transitions comprises an odd 

3 numbered transition and an even numbered transition* 

1 41. The system of claim 69, wherein said first 

2 portion of said second plurality of transitions 

3 represents a plurality of even numbered transitions 

4 and wherein each of said first time delays comprises 

5 said predetermined nominal interval plus a fraction 

6 of an amount of deviation related to a pair of said 

7 first plurality of transitions, and wherein each of 

8 said first portion of said second plurality of 

9 transitions corresponds to one of said pair of said 
10 first plurality of transitions. 

1 42. The system of claim 41, wherein said 

2 plurality of even numbered transitions are written 

3 using said odd numbered transitions written at said 

4 first radial position as trigger points. 

1 43. The system of claim 40, wherein said second 

2 portion of said second plurality of transitions 

3 represents a plurality of odd numbered transitions 

4 and wherein each of said second time delays comprises 

5 a predetermined nominal interval. 

1 44. The system of claim 43, wherein said 

2 plurality of odd numbered transitions are written 

3 using said even numbered transitions written at said 

4 first radial position as trigger points. 
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1 45 • A system for determining the track pitch of 

2 a recording device comprising a storage medium, said 

3 storage medium having N tracks, said system 

4 comprising: 

5 means for writing a transition on a 

6 plurality of said N tracks, said plurality of 

7 said N tracks being less than said N tracks; 

8 means for obtaining a read-back signal 

9 associated with said transition written on each 

10 of said plurality of said N tracks; and 

11 means for comparing said read-back signals 

12 to determine said track pitch. 

1 46 « The system of claim 45, wherein said 

2 plurality of said N tracks comprises four tracks. 

1 47. The system of claim 45, wherein said 

2 writing means comprises: 

3 means for positioning a recording head 

4 of said recording device against a 

5 delimiter; 

6 means for using said positioned 

7 recording head to write a transition on one 

8 df said plurality of said N tracks; 

9 means for repositioning said recording 

10 head to a predetermined location on another 

11 one of said plurality of said N tracks; and 
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12 means for using said repositioned 

13 recording head to write a transition on 

14 said another one of said plurality of said 

15 N tracks. 

1 48. The system of claim 47, wherein said 

2 predetermined location of said repositioning means 

3 comprises a position wherein said read-back signal 

4 from said recording head is at approximately one-half 

5 of a maximum amplitude of said recording head. 

1 49. The system of claim 47, further comprising: 

2 means for determining whether said track 

3 pitch is correct; and 

4 means for adjusting the value of said read- 

5 back signal of said recording head when said 

6 track pitch is incorrect. 

1 50. The system of claim 49, wherein said 

2 adjusting means comprises means for using a 

3 predefined equation to determine said adjusted value. 

1 51. The system of claim 50, further comprising 

2 means for using said adjusted value to write 

3 information on each of said plurality of said N 

4 tracks • 
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1 52 • A system for determining which of a 

2 plurality of recording heads in a recording device 

3 having a plurality of storage media writes the 

4 .widest, each of said plurality of storage media 

5 having at least one of said plurality of recording 

6 heads associated therewith , said system comprising: 



7 means for writing a first transition with 

8 each of said plurality of recording heads; 

9 means for writing a second transition with 

10 one of said plurality of recording heads, said 

11 second transition being written at a 

12 predetermined distance from a first transition 

13 written with said one of said plurality of 

14 recording heads; 

15 means for positioning each of said 

16 plurality of recording heads using said second 

17 transition; and 

18 means for reading and comparing with said 

19 positioned recording heads an amplitude signal 

20 associated with each of said first transitions 

21 and determining therefrom which of said 

22 plurality of recording heads writes the widest. 

1 53. The system of claim 52, wherein said 

2 positioning means comprises means for converting said 

3 second transition to an amplitude signal. 
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1 



54. 



A system for generating a timing pattern on 



2 one of a plurality of storage media located in a 

3 recording device comprising a plurality of internal 

4 recording heads, each of said plurality of storage 

5 media having at least one of said plurality of 

6 internal recording heads associated therewith, said 

7 system comprising: 

8 means for writing a first plurality of 

9 transitions representative of a timing pattern 

10 with a first of said plurality of internal 

11 recording heads; 

12 means for positioning said first of said 

13 plurality of internal recording heads and a 

14 second of said plurality of internal recording 

15 heads; 

16 means for reading said first plurality of 

17 transitions with said positioned first of said 

18 plurality of internal recording heads and 

19 writing a second plurality of transitions 

20 representative of a timing pattern with said 

21 positioned second of said plurality of internal 

22 recording heads; 

23 means for repositioning said first and 

24 second of said plurality of internal recording 

25 heads; and 

26 means for reading said second plurality of 

27 transitions with said repositioned second of 

28 said plurality of internal recording heads and 

29 writing a third plurality of transitions with 
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30 said repositioned first of said plurality of 

31 internal recording heads. 

1 55. The system of claim 54, wherein said 

2 repositioning means comprises means for moving said 

3 first and second of said plurality of internal 

4 recording heads to a location in which an amplitude 

5 signal associated with said first plurality of 

6 transitions is approximately one-half of its maximum 

7 value. 
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1 56. A recording device comprising: 

2 a storage medium locatied within said 

3 recording device, said storage medium comprising 

4 a plurality of radial regions, each having a 

5 plurality of tracks; 

6 an internal recording head within said 

7 recording device for generating a timing pattern 

8 on said storage medium, generating a pattern for 

9 determining a radial positioning value used for 

10 radially positioning said internal recording 

11 head, and for writing a servo-pattern on said 

12 storage medium; and 

13 means for determining for at least one of 

14 said plurality of radial regions a radial 

15 positioning value from a pattern propagated by 

16 said internal recording head in said region, 

17 said radial positioning value being used for 

18 radially positioning said internal recording 

19 head. 

1 57. . The method of claim 1, wherein the step of 

2 determining a radial positioning value comprises 

3 determining a radial positioning value for every 

4 radial region* 

1 58. The method of claim 8, further comprising 

2 the steps of: 

3 determining a time interval between each 

4 pair of said first plurality of transitions; and 
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5 determining an amount of deviation 

6 between each determined time interval and a 

7 predetermined nominal interval, such that 

8 each pair of said first plurality of 

9 transitions has a corresponding determined 
.10 amount of deviation. 

1 59. The method of claim 58, wherein each of 



2 said first time delays is determined based on a 

3 function of said predetermined nominal interval and 

4 an amount of deviation related to a pair of said 

5 first plurality of transitions, and wherein each of 



6 said first portion of said second plurality of 

7 transitions corresponds to one of said pair of said 

8 first plurality of transitions. 

1 60. The method of claim 58, wherein each of 

2 said first time delays comprises said predetermined 

3 nominal interval plus a fraction of an amount of 

4 deviation related to a pair of said first plurality 

5 of transitions, and wherein each of said first 

6 portion of said second plurality of transitions 

7 corresponds to one of said pair of said first 

8 plurality of transitions. 

1 61. The method of claim 68, wherein each of 

2 said first time delays is determined based < on a 

3 function of said predetermined nominal interval and 

4 an amount of deviation related to a pair of said 

5 first plurality of transitions, and wherein each of 

6 said first portion of said second plurality of 

7 transitions corresponds to one of said pair of said 

8 first plurality of transitions. 
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1 62. The method of claim 11, further comprising 

2 repeating said steps of determining a time interval, 

3 determining an amount of deviation and writing a 

4 second plurality of transitions for each of said 

5 plurality of tracks. 

1 63. The system of claim 29, wherein said means 

2 for determining a radial positioning value comprises 

3 means for determining a radial positioning value for 

4 every radial region. 

1 64. The system of claim 36, further comprising: 

2 means for determining a time interval 

3 between each pair of said first plurality of 

4 transitions; and 

5 means for determining an amount of 

6 deviation between each determined time 

7 interval and a predetermined nominal 

8 interval, such that each pair of said first 

9 plurality of transitions has a 

10 corresponding determined amount of 

11 deviation* 

1 65. The system of claim 64, wherein each of 

2 said first time delays is determined based on a 

3 function of said predetermined nominal interval and 

4 an amount of deviation related to a pair of said 

5 first plurality of transitions, and wherein each of 

6 said first portion of said second plurality of 

7 transitions corresponds to one of said pair of said 

8 first plurality of transitions. 
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66. The system of claim 64, wherein each of 
said first time delays comprises said predetermined 
nominal interval plus a fraction of an amount of 
deviation related to a pair of said first plurality 
of transitions, and wherein each of said first 
portion of said second plurality of .transitions 
corresponds to one of said pair of said first 
plurality of transitions. 

67. The system of claim 69, wherein each of 
said first time delays is determined based on a 
function of said predetermined nominal interval and 
an amount of deviation related to a pair of said 
first plurality of transitions, and wherein each of 
said first portion of said second plurality of 
transitions corresponds to one of said pair of said 
first plurality of transitions. 

68. The method of claim 11, wherein said second 
plurality of transitions comprises a first portion of 
transitions, each being written at a corresponding 
first time delay, and a second portion of 
transitions, each being written at a corresponding 
second time delay. 

69. The system of claim 39, wherein said second 
plurality of transitions comprises a first portion of 
transitions, each being written at a corresponding 
first time delay, and a second portion of 

s 

transitions, each being written at a corresponding 
second time delay. 
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«3&®fBffi[j«^?£'*-r-5IBii^«CDF^©?tlS:cDtB^'\>y 

\^(Dot>(Dii<Dtm'^y i^t^mhitKm^jLtsA^^nm 



[i9*ig2 8] mm&m'n$im.m»±izmt&tsh^y 

mm^ik<r>\-yyi><r>^n^n\zm^Th^rLi>mf&w» 
(cfta-rs'j-K • ny ^m^^x^r^^wi.t.. 

Hffte U - K • A -y fi^WStitcSo'l^T h ^ -y ^ • h' 

(b) Srrfe{4B*4?)^n;tl2»-^-y KS^sgffl bT« mffB 
hyyi^O^o-^cDwit^^^Oh'yyi'CD 1 -3® h^-y 

(c) WfBSBfli'\-y K*HtflBh^>yi7®5-S<7)fla<7)10 

<D h y y i7 ±(Dm^<Dmmizitw^ii>Lw.T^^t. 

(d) WIBiitt^JiLilSnfclBai'N-y K${£fflLT, 
MtE h ^ -y i-O^ ■^©W.gEffilOT 1 rxo h^yi^ izMf^^ 

(e) filtEIS^CD h5-yi7<7)^n-?-'n(ClfiS*^»^jii^ 

n^ST. mriB^a (c) iSctz/ (d) wj^f^^i^oji 

WHB{4fiftae)Lifr^a (c) (7)R)fS®«m*^\ 

c»:^j:b2 9} pi^^m^y \'^^-r^tmmmi^iz$> 

jhtS h y y i7 (DWiW.(D h y y i7 • If >y 
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^-i^y^ ' n'^-yt.m%z^%lj^'aLW^^m.ii\zi. 

-:)Xi^^^ixrz'm<\Z-^-if- • A3'->S:»#ii?^^^ 

[if3}?«3 0] Hlfl5tBfilgB*^*5S^©F^gKIBIi'\-y 

WIB->XxA*iB5fBffll&®IBil'\-y h'C9f)*.cot* 

^oiz^tszt^^mtrii. iS*«29fciBis®v'X7^ 

A. 

msc<DfRi&mt^<D-^n^nf)^^tnziim-^^msm^<D 

P^mmm^y \^<Do*><D^PU<thl'::><Dpi^SRmm^y 
SBS's-y K*5fl.fej[i:<l:^iit;;>.^^J8frt--5.B3tB^® 
tf(HB1iia:<0|*igBIBfil'\>y KO-^-niPntCJcoTmi W2 
HtrlBaiSWf^SBfBil^-y HCD5*,0 1 OlCioTS^ii 
fB1t^©l*lSEgBI?^-y K©3-^©H9fBlo(CJ;oTll2 " 

m^m2<Dm^^mmLxmmmw(^\Hmm^y 

mfBeB^J6$nfcfe©-\-y KtZctoX, ttflB^KDil 
BirfBSia:<D|^g|5fB#/\-y KOT5*.CDi:(D|*iei$IB®'\-y K 

mt-r^. w^ii30(ciBa(7)vX7"A, 

[tt^«3 2] WfBHlf^C0ii^g;^|S]ro8gffiAi, MfB^2 
«)a^S:S#jXt;;tJ6fC<sgffi$n-5H5IBl*|g|5fBS'\-y H 
©■p-ScDtSfSSlooi^BBffiSi's-y KO'J-K • A'-yi'm 
#*^-?-®*;^tg*g(7)*<]#:H'{C7'i^^4BTa&'5 d i:<£!t#Sl 
tt^\ M*S31(ClBm©v-7,T-A. 

(ig*^3 3] ftt)j2;<»^jAtj<hW8^$nfcB(riBi*ia5 
[W*a3 4] »#jAtf<i:*ij»f$n;tmriBrtSP 

\zm 1 <Dmik(Dmf^^m^&t5^mt. 

2 (om^<D^n'enAmft^t^m2 (Dmmmmxm^ii, 
sns, mvd.mi&mi^<D$itifs.mi»i<Dhyyif<Dm2<Dh 

[w*a 3 6 ] bJib^ 1 <Dm^<Dm^(D^Mo:)m(omm 



(5) 
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im^m 3 7 ] m$im i <^PtFp^3iM(D-^n-?^n;5^HirfBHif 
3i#c7)Wfem 1 (7)gi55^a)-?-ti-en*«Mi5^ i <Dm^<Dm 
m^m 3 8 ] wiem i <Dmmmm<D^n^'niimfRm 

©HtflBH 1 (Dm^AmmW, 1 cD^g|S:<Djl^oME*fcDo 
t><DlMizMlt^-r^Zt^^mt-r^. tt*«36{clEiS 

{CfB®cO->;^7=-A, 

(a»*«4 0] HtrfBIBI^gM75?1S^©F»^lgPfBfe^'^;y h* t 
«»rolBi^/®^^Sr^*. ^S5tB«ScDfEfe5Ja#:W^n-?-' 
tl*^^n(C#B|-r-2>BUlBiSic®rtg|5|B@/\-y 

^!>^c<<i:^>lo<&*L, mfB^^E-r-s^s^i^ 

ffriaS^rortaJIB®^-;/ H©5-^«m 1 C0|*lg|5fBi^^-> 
'N-y H<!:StrlB1«iS:<©rtBI5|Bit^-v KCD^'-^W^ 2 Wrtgp 

B9teifiia:<Di*igi5fB^'s>;/ K(0'5-fewftfriE'fi:e^*snfc 

WtBifi3^©l*lgBfBfi^'N->' Fc7)-5-fe®^l <i:ll2 09|*igRre 

WfBaiSWF*3gBJB»'\';' FcD3-^CDHfffB{a:«8^je)L.iS$ 
n;tm2roi*|g|5fB«i'\-y K*«fflLTWIB^2 0D«S:0D 
jl^SrS^.^lxD. ttrlBitl&Wf^gBtBISA-y h'C9 3-^<iDS(f 
IB^S®^J6m$n/cm 1 cO|*]g|?|Bil'\-> H^'ffifflLT 
113 ®^^«a^$r«^jitr^^<i:SrS etC-^tfCiS: 

cw*W4 1] mm.<Dh^y^^^T^tmmw±iiz^ 

BfrfB8B1ii!g#:±«|| 1 OTifig:?^[6]fi®(cm 1 «M?gC©S 

* Ji) 6 tiTt #flt r^i r^iii i f3f ^ <D « a Ri t (D o MM w 



m 2 «fflisc7Dii^ro^n-f n*5t5iBii 1 (Dm^<Dm^<D 

f&-r * e n;t<iM©M<73l8?S: i: fC J; o Td<J6 n. 

t^fiBm 1 (Dmw:<D'im<Dm^'^^\zi-imir^ 

*.tC*5liTiSiS$n, •€-n(CJ;oTtafB^2©ffl|»:Oil 

7>:rA/d:^^;>iigi)S$n^. HfFlBtBti<lS^*:±fflm2CD 

iiig*i6]ffiEtcs(fiBii 2 <Dmwc.(Dm^^m^}i^ts^mt 

^n\z^\^^XW, 2 cDlgJSroS^SrS^jitJmffa^® i: ^ 

Ao 

CW*«4 3] BdlB^ 2 C0li^Ojli^*t, ^mi®HB» 
**jt*Jt:t-Sll 1 «BtrB^iiMT»t-jiSta.5ai^0D^ 1 05 
SE^^i> ^ll2C0gB^i-*?S^JS:-rs^2CDBtr«1ilMTS# 

S n S il^ 2 ©SB^ tr d i ^Srltm i: -r -5 , 
W*J«4 1 C IB« CD -> X 7" A . 

mutmA 4 ] sffiB^ 1 roB^fagiscD-tn^'n^miBm 

^ro^sreiPiiWfBm 1 co»^«a^«?^cK«^-r-5{i 

m^<Dmmm 1 «a5:«-®^ti^'n;>5wiBm 1 cd?«?s:co® 

»^^43tCtB«W->XxA. 
CW*:S4 5 ] ffrlBm 1 cDa^<^jl^cD?5f*J^^#-%ro 

^43fcE«®v7,5^A. 
[»*^ 4 6 ] mfJBm 2 <7)^« ^«3i#CDmrfBII 2 (D^^ 

*3S45(CIB«0) v'X 5^ A. 
[tt*^4 8] mrfB^2c73«»COjl^CDfltrtE^l<75g|5^i- 

•€-n-?^n*iHfrfBBf!£««@rai!SfCH?fiB^ 1 wascoii^ 
m 2 coffiisros^coHtrfBii 1 rosB^^-cD-en^'nA^tftiBii 

1 0«iec«il#©H(rlB*f O ^ CO 1 n\zn^s-t^ 



(d) t^feffl^<7)rtg|5IB»^-y HcDfc^OWfB^l 

(e) *agS1gmoi*lBPfHS'\-y K<0'5-^©H9faffi«8^«e) 

^^(Dm^^Wi^m.K>. mim^(Dp^mw.m^y Y<Do 

Ac 

X5^->y (b) ^ct^L (e) 

iA s n/in 1 «a^75^e,Rjf3£(osgf!itm 2 ods^^ii# 

mlfB^2 0®^$rffifflLTBtIfB«^CDt2#'\-y K©-€-n 

^w^n^'ntc Msi-r -swifts $rgE,;?^® o Tttee b > 



(6) 2 9 2 1 6 0 4 

K*i«t)J2:<«^3itr7!)^€r*iJ»ft--5^®<!:$'^trv';^ 

Sl^*53 »Cl2^© -> X 7^ A , 

ct^^^mt-r-ssBssti. 

m±y^t:^m L.;il^»SBttj««i:^«+»— 7}^ • /1:$'->C0 

^^■x-r 7.i7fd:i'©»Btt!«#:{c|B1t$n-5. x^f^^^^^ 
$ tlAcx -< 7, i7 aS±(cm»ti$ScOA- iS' - > ^» # 

Yvyi7t±i7^t:^Lm-trzist>\z&.m-t^-^7.^mm 
^'f^T.if- Yv^-f^^—i^^v-i^yzmMyz^n^i 

83^11^ 8 HfClgfT^n, y— !f> • T^UnAtttC^Jg 
^tltz rEmbedded Servo Track Following System and 
Method for Writing Servo Tracksj tl/^v^W<n7^M 
ItfF ^44 14589^ {C fB« $ nx S , S!|#l^^44 14589 
mat. SI!i-r^Bi^»^'-vy KSrSSfCgBttx-f 
^=fUT{4efts!)f ^tl--7}^ . h7-yi7jifie>-7.xA*5fB 

yi^SrlB^TS, H^i^n-y^. h^yf'-^yYiZl 

'::)(D/-^)V7.^mii,^. ^m-t^^y Y±izm^j^^nrz 

'¥mi7nyi/ • Y^yi;izitLmayi; - Jl'-zfv. 'A\z 



(7) 
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Y-vviPcomM^Wh-t^co^z-Y^timtdn^y K^-f 
e.-r. 'A\z. !5iJO»^h7>yi7<£»iX^, SZ>'^^«SiJ 
^tz.n^(r>^ 2 ro»fp h 7 i7 cDffii|®*iBg/M-S(D{c+ 

i>^Umti\-f^ V Y * H iXil 2 h ^ -V i7 ^, -r S 

jiT, 

-y--7H1»$6Sr»#3itJ'ffiCDaffit4, 1985^ 7 ^23 ate 
5!ffSn, f\^ir~7 • U-y— ^^atcBljffiSnfc rserv 
owriter System for Magnetic Disk Drivesj il-^-p^ 

114531 167-^ x-i- 7.i7{c-!t-:J^ • h^-v^i^*^ 
'PU ^^^mtin^m^ik^ C i fc J; -3 Tfr 5 . co^, 

r-MK^inzs^^-mifyy'y^ • x h^yytc^r-sfi^s* 

^, ODD-y— 7K«ffi©#ji*.fcffifflbfc7-A7!)t7^^X 

■/^^bi^jffliJi/^.y . X h ySTjStrro{cgt"-5X 
7" >;/ T'^, a-V X i7 ±tc3IKSICi£:>^^C Vyyi^m-titm 
■r-5, *K^rox-r>yyia:75iSIBS(Cj£^S>^ch7yi'IStS 

7^£^«^> i^CD^f'^TX5"-y:/|gC*«T'-<Xi7±®!ej^h 

y y iP^tlEm\zm\^<ts.^^o\z. -^-^ i^azfa^y 

miX^—if^ ' n^'-xDmii^^izmmr^ by 

yf>-\dy^^i!^ist>^rzisbiZ. y'-< Xi7^i$i<Dmmm 
i7 U-> . ;i.-Alii^75iTll/i. 5=^^-Xi^±{C-y— 3i< • 
>-y-*s^^;S:-y-— 4^ • — >ro©ji*8^ftA<ik^®T'* 



P-yi7i!iS-7i< ^■n{-<toT-y--zH • n:S'->$:a: 

W094/11864(C(4. ^1k(D h y y ±.\zm^^m^Thty 
Xx«yy$:*L. hyyi7(Dfi^mt:^m^^:f3miLm.^ 

(cfigft ii) -r s «4) tci^ffl -r S *gfi5:B8t«)M * 
t{Cj;oT*i?)fc«Rlf{C-y--7)^ • A^'->&»^jitf. 

^<7:)o%(DmM(Dhyyc\zmwL<nm^^m^'^^. a 

!7<Do-^(D2<nhyy^izm^(Dmii'^m^&ti. mm 

ii*-, mm<Dm^<D^m2<Dmi^^m2<omm<Dmmm 

mmizm^&ts. 
m<D^mmTi,t.. i<!m<Dhyyi7A^ibfS.^mmmi^^ 

®^»€iitr. ^2»S^«, m2<DSigf<*:|^i;ie^'\ 

-y vx'9^&^nfzm 1 roa^A^^.H'fgwsggKc^^jii 
hiKKm^ii-mm^yi'^nm-r^o 

n-?-'n{C, «IS<Dl*|gi5tS®'\-y KOfi-^ra/^;^j:< it) 1 



{3:Bi**Liab^c:m2.<7)te#'\-> HTll2<7):g^(73 
K 4^ a [Pi ( c {4 S ^ J6 f -5 a6 (c isg ffl -r s S {4 e Si 

mr^sbmtiz^-Dxnm^nrzmmizm^ji-^n^. 
m^'^ts^y )i^mm-t^&m\znm.-t^mm<D~m^ 
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•5. 

rS] « <4 B i CD p # ^ ^ -r ^ 7 CD - ^ -r EI t? -5 „ 
H9iiitt, *^Bj©jia(c±^> ^)-\^ny i>m^m. 

K ^ -r (rfirg^j?) $ nfcT'^ ;^ ±'vo -f 5 > if 

Pb^ ra ^ <*: CO P fi^ ^ 7 « — El T * -5 . 
%Vm\-t. ^W^(r)WM\Zii^. iw&'Jy^ t.T.T-y 
-t « P« $r *f 7 7 (73 -^J ^TlilT * -5 . 

s fs&## <7)aif ^ ±fi£t- ^ ^ e PS {c « L /t 
s m^mnoim^ ^ ±fs.r ^mz^s mm m ps tc « u rc 

S ffl»#^cD® # ^ ±fi£T -5 ^ fC € i B^PbI PS L 

'vo-y— • /'^^->(Dm'j^^iznm-r^mm<D-m'^ 
^7 - > ^ fdi CD X ^ X i7 M tc -eii 5 -a- s i*f^ Bi-r -5 ife 

#sj 1" -si^acD — njs^j gi T & -5 . 

» B^ g| i£ § Ji) (7) ft ^ © 
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lllalSI*5cti;illb0*#fiSf •St. -|lig0lJT«^-< X 

2b {^t.tbxm%'f^7.i7ntn^) i-D^tz\t.m. 

l^<D'^m^^^y K14a~14d tJiTte^'S-y hM4t 
• X h-y:/22<i:, Ti/^^.X.-'S^mWimmiA 

#^2oOTffi^*L. ^®«mco h^•>^:7l3^&*•r 
xm^x^- Xi7 12® 1 ■3Sfe(i1tigc«ffi±(C5"f = >if 
^I2<»rtg(c;^,t:> Kjl/ • ^-^ 5 (^ibig) A^^O. 

M;^Ac««p(DnJi(;3'1-;i/ • 7i75=-iX-^'T^.5, mib 
iatc^-rj;5(c. ^:-^'23ttloSActtiSIS:®m521$ 

;^ h V 7^2275^$, D . Ti7g^iX-5'<7)BT»IBHS:^Rgt- 

-2.fc:s:){Cfigffl$n^o T^^?rLX-^18f4Td75^3.x- 
^?X{^ltg|5p°p20^:fM.T'^-;^ • yi^- h25(ClxO#tt 

e>nTti^. — iiis^j-c«, Ti^^iX-^'ffif^ttgBa 

20« 1 2t:S;t«IS^C0tai;^iseffl LT7i7g^a.X-5'!lr 

n> hP-^26fc^-&StlT*3 0. ^ai-r-5<t5tC2|s:% 

^^9t:n>ha-y2&t7i7^zLX-:$'mmmm2A 
»r tt^n-ennx 29a*5 cfc t;f29bS::ft' L T n > e 3. - ^ 28 

^i^'^snxi^^o 3>fcfii-^28(cttrcix.«> mm 



HP8118AT'*0. tATTi¥ai-rsj:-3tcfi(f#cDSie;*^» 

n > tr iL - ^ 28 (a I EEEy N- X 3 3 ^ :^^ L T b#Pb1 ISfJ^ 
vxxA32fc«s-&$n. *^B^<7DMatcj;D. 'S^^wrm 

raraBi?SlJ«vX7^A32ttt3.-U-y h • /^ytl- KS^ffi 
ttf ■5HP5372A5''f A • T-^^-df^-^ti. 

mma^umihmiz^-r^^ x{7 ■ k 

-f X i' i /tfc 1 'D(D^m^ "J H ^*-r-5 ;i t 

LTrnM^^^f xi/ I2«p -^ro 1 

Xi7±{c-y— i}^ • A^'->i&»#jitr. -9— j}^ • /l^'- 

>tt 1 xi'ffl±»!Kf^««0f{c»# 
iisn. bfcTiioT, -y— ^ • A'5'->^«:#jxtrM 

*^SrW8fff-g> (XT--;'y50 rSfc/St^'X-y F^r^Ott 
Sj ) . ::(Dmmmx\i, &.T-vmm-r^.i:o\z. Ah 

xi7 • H^-f ■/rttcfe-g)^5^^x^:7®S:N<i(;)pq^::^(^ 

^Sn. Lfc*^oTa^^X>?ffitt||4gI(CS^-rj:5{Cl6 
oJr. 5=-CX^ffiSr^^fiJ-r-5ycJ6tC. ^?IS:<5efflUT« 

«fjo-fei7 5'S:^gij-r-5, ^(omz. m^izm^<Dmmtc 

^'tZ^^lLft'^^ l±i'iS'^^\ZA±i;^ty^JVm-f 



(X7^-y:/56 r h^-:/i7 # 1 (7)A-fei7^(X-r'^T<D'S>y 

mX'ii. ^y K14a;5^e.®U- hV^'•>^^i^A^^«S;»C 
S<SC0#» (.■tf3it:)t>h^yi7t)^ii^m o:)^m.lzf3i^ 

*3n-5-y— zHSfliW^ff I'i/ctTi^b, 'N-^' h*14a(c*fJ^Jf •§ 
7.fM(D^2(D h y ^ ±<DB±if iZ^y K14a 
TtgiliA*— X H^C^jAt; (X7=-->7'60 ^h^y^#2 

<DB±i;^iz^'y \i ixm^j^-xh^m^&tsj ) . 

H 2 « h 7 ^7 ,5% ^ ii4g:^l^ij{Ci^i)!,-r S d i: o 

K Sry- h$ijffl) UT B /N'-x h izntfBT ^mn-mm-^ e. 

mwtii&m.mnA^-^—-!i^ • )v--:fizxtj^n. t^j-^. 
lm^(r)n^(r)m%^^-if-um-t^t.^\z. 

a-7'/j:<i:C0^2pii|S^©&^£fflLTAA--X hA^SO 

mn<Dm^mio tit^>§:nvo m^A^l■o(D^y i^^m 

-5. 

±j2B<DISffifiajTtt1S^®AA*-X hi5j;t;^BA*-7. I> 
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S:fi!fflf-5*^ 1 OWAA*— X hi lt?<DBA'— X K<7) 

m2mizm-oxmm-r^L. --mmmx\t. mhiK^^ 
WrLftm. :^mm<nmmiz^'3x^<D^y \f^mm\^x 

x-CXi' • \'y^:f<Dhyyi7 • \^y^^^ft^ (Xx 

m6ia*3j:Dcm7i§is:#fl8-r-5t. -Mmmxit. =f 

'N-^ KWtC?:^J$;-r^T^^' Xi7®<£-N(@(Dnj^^[6]CDA*'r 

Sj ) . ^71lfz^-rj:5fc, — lligfi»|-Cti^-< X^H 

5- Wf-So ASWtCtt. x^'Xi'Stti-r>^a/if3*^) 
Amhyyi7<Dbyy^mm (•ttnio^J'-^ - hyy 
i'Wi|ig*th7'yi7®ifS©2^T*oT» 10(7)7^— ^'• 
7'y^=L:L-^\l^t>=7y'ya. • X h>:;yfCSLT«J* 

/N*-X h (AA'-X h<!:Ii#^<) <&»#jAtf (X7^>y:/72 
r^v-;/ KWTh7->'i'# KcAyN'-Xh^^^jAtfj ) 

d7tCA/N'-X h*«^iAtyil tfe-t?^S„ 

® h7-y i'U^^I-O h^^yi'fCA'-X hSr^^iitrCife 

Tirs, ) ffi<SA*-x h^»#ji^fe•^. fctx««t> 

h y y ^ ^m^&ts^y }i <b (Dm<mtm±mM<D 
^^\zrji^A\ ^rzitbyyi'mi,zmmti.mmt)ix^^ 
tmm-sn^mwzfA^^^^iz. Tif'f:n.x-^i&^m 

lt®8§lllfc*ttgH!i$-a--5 (XT-yZfU TTi'^n.x-^' 

^(D&miZ^mt. #E5J-Oll2® h^>>i7}cBA*-X 
i'ft 2{CBA'-X ) . mm\Z, BA--X 

^•yi'lCCA'-X hS:»#ji^5». (XxyT'TS r/\y Kw 
^rfigffl LT h7-y i7 # 3 {CC>'N*-X h<&»^jitrj ) , 
C/N'-X hSr-y— a}^ • yir>iZLX^m.^<D^4<D hyy 
i7(cDA'-X (Xx-yy^80 r/\.yKWS:^e 

^:7(I40A*-Xh (A. B. C, 43cfcZ>'DA'-X h) 
«#i^^7t'S^A•-X h CO U - H • A*-y^<t^$-it 

6- r^::titZ<i:-oXbyyi7 • \:fy9-^-^isb^ZtifiX 
#S (X7^-yy82 r;t-xhA, B, D^^^CDU — 
K ' ^•^yi^m^^^itmr^i ) . hyyi/ ■ \iyj-hm 
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*'>?><D{I^tt, 112® h7•;/i'$:»^ji^fc<i:^^C•y-- 
3l^^nfclil|i<i:«U^n ±^©0ij^^8iii{c^f, ms 

0. DA'-X h<7)Jli|i§7>«ifD(cia<, A*-XhA<J:A*- 

■■y— j}^ • A3'->i&S^iitr (x5^<y:/85 r*i7j ) . 

U- KA'>yi7fi^;5?ll9EI(;:^t-J;5T*^^ 
. tf-y5^H;»c^-r^*, f^ize© i 3 t A A* 

^*T. ^ODlig (Rl) T. /N'-X hD^^>COft-^«$ 
fc'-fefU{C)fi<7S:l/i, A'-X hAd^e,om#*^Q2fC^UVi 

ffUl^{4:BR2tC-y— Tt^-r^dttCcfcoT. A--X hT^t-' 
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